Introduction __________________________
RA is a chronic painful inflammatory arthritis with several potentially life-threatening complications. It causes a deterioration in quality of life and crippling deformities. Treatment is difficult [1, 2] . The management of pain and inflammation increasingly depends on the use of analgesics, steroids, and nonsteroidal anti-inflammatory diseases (NSAID) and disease-modifying anti-rheumatic drugs (DMARD). However, these drugs come with many life-threatening side effects and toxicities [2] .
There is a dire need to explore newer avenues to find safer management of RA. First, however, any other factors that contribute to pain and inflammation need to be identified. Non-pharmacological options such as diet-based approaches are promising adjunct treatments, but they have been neglected in the current guidelines [3, 4] . Though suspected for several decades to be beneficial, the precise role of potassium (K) in RA is largely unknown [5] .
In this study, it was hypothesized that patients suffering from RA are deficient in K, and that K reduces joint pain and inflammation and complications pertaining to the cardiovascular and skeletal systems.
Multiple search strategies including Internet search engines (such as PubMed/Medline and Cochrane) and manual identification of suitable references were used. Leading investigators were contacted. Search results were discussed in pre-planned meetings with rheumatology colleagues (CRD, Pune). This article first presents a brief description of RA with special reference to its pathogenesis and the physiology of K. This will enable the reader to recognize some of the physiological actions of K that may offset the pathological mechanism in RA. This is followed by an overview of the existing data that supports the hypothesis.
Objective: This article purposed to determine and describe the potential role of K in RA. Data (and the authors' interpretation) is presented to support the Jan. 2018 notion that (1) patients of RA may suffer from a K imbalance and/or deficiency; (2) a K imbalance and/or deficiency is likely to contribute to joint pain, cardiovascular morbidity, and osteoporosis; (3) a K imbalance and/or deficiency may have similar etiologies and pathogenesis, such as those postulated for a diet-induced proinflammatory state; (4) A Kenriched diet may be used safely by practitioners to augment the standard of care management in RA. 
Rheumatoid arthritis (RA) ______________

Potassium (K)
2.1. Physiology. K, sodium, and calcium play integral roles in the electrophysiology of pain and myriad cellular functions. K is essential for the maintenance of cellular osmolality and homeostasis. K is an important micronutrient in health and actively participates in the normal function of several organ systems-neuromuscular, cardiovascular, endocrine, respiratory, and renal. It is also important in metabolic pathways, especially glucose-related enzymes [38, 39] . While sodium is predominantly extracellular (blood), K is intracellular. The sodium potassium ATPase (Na-K) pump is a carrier protein for the active (energy-consuming) transport of sodium and K across cell membranes. The total body K is considered to be about 3.5 gms; maximum tissue concentration is in the skeletal muscles [40] . Extracellular K is closely and dynamically regulated to maintain a plasma concentration of 4.2 mEq/l within a narrow range (usually 3.5 to 5.5 mEq/l) of safety [41, 42] . Plasma assay is subjected to individual laboratory methods and several potential errors. Rapid K shifts across cell membranes are an important compensatory mechanism and can mask a body K deficit or excess. Abnormal levels (low or high) of plasma extracellular K can result from (i) dilution (administration of low K fluids) or concentration (dehydration); (ii) deranged K losses in urine or other body fluids; (iii) the transfer of K between cells and body fluids. Acid-base disturbances and hormones (especially insulin) are important drivers of cellular shifts. K is regulated by the kidneys though some excretion that may take place in stools and sweat. The loss of K through urine is driven by diet intake, acid base shifts, and several hormones (aldosterone, cortisol, renin, and angiotensin). Even during the total absence of diet K intake, there is an obligatory K loss by the kidneys. 2.2. K ion channels. K ion channels are widely distributed in various body cells. They regulate the cellular movement of K and abound in neurons and muscles, especially in nociceptors (pain perception sensors). They often work in concert with sodium and calcium ion channels. K channels along with the sodium-K ATP pump facilitate changes in plasma membrane and intracellular voltage (depolarization and repolarization, generation of action potential, and conductance of electrical impulse. Several types of channels are identified-voltage-gated potassium channels (Kv), calcium activated K channels, two-pore K+ channels, inwardlyrectifying K+ channels, and K leak channels.
[ that are ill-defined, non-specific, and often overlap (fatigue, muscle weakness, and muscle cramps). Heart rate abnormalities and arrhythmias are warning bells of impending crisis. Electrocardiography can provide diagnostic clues. Recognition of the medical circumstances (such as severe vomiting and diarrhea) that lead to such a K state is critical. While acute effects of K imbalance are well described (and researched), chronic effects are largely unknown. Moreover, it is not known whether minor shifts in plasma K within the normal range or total body K can cause any adverse physiological effects. In case of an acute K imbalance, the body attempts to rapidly compensate and restore normal plasma K mainly through cellular and renal mechanisms. However, in a chronic state, this may fail. Clinical recognition of this decompensation may be difficult in mild to moderate cases. It is likely that chronic K imbalance disorders are missed in clinical practice, because they are not primary disorders and are overshadowed by the primary disease. It is likely that chronic hypokalemia will lead to several adverse systemic effects on the basic health of an individual. 2.3.1. Hypokalemia. This is defined as a serum potassium concentration of less than 3.5 mEq/L. An assay of less than 2.5 mEq/l is critical and may cause death. Aggressive fluid replacement (usually saline) without due attention to the K requirement, severe vomiting and diarrhea, and excess diuresis are common causes seen in clinical practice. It would be unusual for low dietary intake to cause clinically discernible hypokalemia in healthy individuals; however, many longterm health risks are considered to be related to insufficient dietary potassium. Hypokalemia is also a feature of several other medical disorders, e.g., Cushing's syndrome, renal tubular acidosis, chronic hepatic disorders, hyperaldosteronism, acute alcoholism, heart failure, and Bartter's syndrome. . Blood K assay reports were available for 691 RA patients and showed that 7.8% had less than 3.6 mEq/l, 34.7% between 3.6 and 4.0, 40.7% between 4.0 and 4.4, and 18.1% above 4.4 mEq/l. The assays were not standardized. Based on this survey report, Weber (2001) opined that a more likely normal cutoff should be above 4.4 mEq/l and that only 18% of subjects suffering from RA in this survey were likely to have normal serum potassium levels [7] . Furthermore, he proposed that RA patients are likely to have low body K. In another hospital-based study from the UK, 14 biochemical estimations were performed on the serum of 100 consecutive in-patients suffering from RA and 100 age-matched control patients [63] . The mean values for sodium, potassium, and cholesterol (though within normal range) were significantly lower in patients with RA. Low salivary K levels were also reported [64] . In a recent Indian study, a comprehensive diet survey was carried out with 139 RA patients on the standard of care therapy and 165 unrelated healthy control subjects [53, 65] . The various dietary parameters were collected over a 10-day record (diet diary). The dietary K content of RA patients was significantly lower than that of the healthy controls (p<0.001). The mean daily dietary K was 1238.7 mg in RA patients and 3334.9 mg controls; corresponding values were 1651.2 mg and 3438.8 in men and 1161.3 mg and 3170.9 in women. Other major dietary constituents such as protein, fats, carbohydrates, and sodium were well matched with national Indian standards. The authors concluded that the diet of RA patients was grossly deficient for K and that this was likely to be due to food fads and misconceptions in the community [66] . The precise cause of low potassium in RA is unknown. Diet may be an important cause in some patients as described above [65] . However, other causes may be speculated based on the pathophysiology events in RA which may be linked with body K. RA is characterized by a higher than normal metabolic rate and catabolic state which lead to cachexia, low muscle mass, an acid load, and disturbed pH balance [67] . Compensatory changes in cellular K and renal excretion (K) are required to maintain neutral pH. Due to intense immune cellular activity, increased metabolic demand, and energy expenditure, the glycolytic pathways are intensely activated. K is required for several enzymes (glucose phosphate isomerase, enolase, and aldolase) which participate in the glycolytic pathway [68] [69] [70] . It is probable that these hyperactive states require excess K, and thus, there is an overutilization of K. In RA patients, there may be a relative (intracellular due to electrolyte shifts) or absolute deficiency of body K. It is prudent to add that there is an important 7 relationship between K and cortisol status [61, 71] . RA is a low-cortisol state disorder (see below) which may be age aggravated by low body K. Low cortisol in turn also leads to low body K and hypokalemia. 3.2. Experimental Data (pain and inflammation).
Several mechanisms contribute to the intensity and nature of chronic pain in RA. Small nerve endings and fibers are entrapped in inflammatory synovitis to impart a neurogenic or neuropathic component. Blocking K ion channels was demonstrated to reduce arthritis in animal models. In the pristine-induced arthritis model using Dark Agoti rats, 21 days of treatment with ShK-L5-amide significantly decreased the number of affected joints and reduced the severity of radiological and histopathological findings [72] . CD4 and CD8 T lymphocytes are important in the pathogenesis of RA, and their activity has been reported to be critically dependent on constitutively-expressed K ion channels (K2pore5.1 type) [73] . T cells isolated from the synovial fluid of patients with RA were characterized as mainly Kv1.3 high CCR7 [21] . Experimental evidence supports the inhibitory effects of serum K on free radical formation and-oxidant damage [74] . However, the relationship between dietary K and K ion channels has not been investigated. 3.3. Clinical data. Nuki et al. (1970) demonstrated shifts in body K in 8 patients of RA who were prescribed oral K supplements in a 30-day interventional study; a detailed diet analysis was carried out [75, 76] . Patients were also treated with adreno-corticotrophic hormone or a diuretic (spironolactone) during the latter half of the study. Total body potassium (TBK) was estimated using the radio-isotope technique and found to be low at baseline. TBK remained constant throughout the study, and therefore, serum K changes were likely to be caused be a cellular shift. The authors postulated that changes in serum K were due to renal compensatory mechanisms (likely renin angiotensin aldosterone) to the K load. [77, 78] . The HPA axis is known to be impaired in RA and influences immune inflammatory processes and electrolyte homeostasis [71, 77, 78] . A disconnect has also been described between HPA and the sympathetic adrenal system [71] . 3.4. Effect on Cardiovascular System. Several population-based studies have validated the benefits of a K-rich diet and K supplementation in the prevention and treatment of hypertension [79] [80] [81] [82] . Though the exact mechanism is not known, several experimental studies have demonstrated the inhibitory effects of serum K on vascular smooth muscle proliferation, reducing macrophage adherence to the vascular wall, arterial thrombosis, free oxygen radicals, and reactive oxygen species [83] [84] [85] . K ions are also released by the endothelial cells in response to neuro-humoral mediators (sympatheticadrenal and cortisol related mechanisms) and physical forces (such as shear stress) and contribute to endothelium-dependent relaxations. Though the response is believed to be slow and modest, potassium supplements lower blood pressure. Thus, K is beneficial for cardiovascular health and blood flow which is of great importance in patients suffering from RA. Cardiovascular complications are the leading cause of premature death in RA [11, 86] that a vegetable and fruit diet which is rich in alkaline salts protects the bone. This is in contrast to the Western type of non-vegetarian diet which has acidic metabolites requiring alkaline salts from the bone to maintain pH balance [94, 95] . However, the role of the skeleton in regulating pH is debatable. K intake has been shown to be associated with reduced urinary calcium excretion [88] . 3.6. Diet Intervention (RA). The nutritional status of RA patients appears to be compromised despite adequate intake [65] . Although there is no ideal "RA diet" that can treat the condition, some foods may help lower inflammation. These foods include fruits and vegetables, whole grains, olive oil, and fish. Though this was supported by several clinical studies, the overall data was found to be rather sparse and dismal in a Cochrane review [42, 96, 97] . A Mediterranean diet rich in Omega oils has provided the best evidence of a reduction in pain and arthritis. A recent review summed up by stating that an integrative approach which includes a Mediterranean-style diet with probiotics may be useful in the long-term management of RA [11, 96] . It is interesting to note that the diets used in the studies of RA were essentially vegetarian and likely to have been rich in K, but this aspect was not analyzed.
Concluding Remarks.
Though the overall data on the therapeutic role of K in RA is inadequate, it is encouraging. Further research is required to establish the role of K as an adjunct therapy in RA.
There are several benefits of K in health which could be extrapolated to be relevant in the overall management of RA. The data presented in the current report supports an analgesic and antiinflammatory effect of K. The benefits on cardiovascular and bone health are indeed a bonus in RA. Newer data is emerging. Kv1.3 (ion channel) blockers are described to have a potential in the treatment of RA and other chronic autoimmune disorders [46] . Diet is a safer option to administer K rather than medicinal salt (potassium chloride). Doctors should be encouraged to advocate diets rich in vegetables and fruits to patients suffering from RA.
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